Background: Postpartum depression (PPD) is a common complication of pregnancy, affecting approximately 13% of mothers internationally. Previous research has examined whether epidural analgesia used for pain control during labor and birth is associated with a lower risk of PPD, but reports conflicting results and may have suffered from methodological shortcomings. Our study aimed to prospectively assess whether epidural analgesia is associated with a lower risk of PPD (at either 6 weeks or 6 months postpartum) after attempting to adequately adjust for selection bias and confounding variables.
Introduction
Postpartum depression (PPD) is a common and debilitating illness affecting 15% of women in the first 6-12 months postpartum that can impact daily functioning. [1] [2] [3] Women who have experienced marital difficulties, stressful life events and antenatal depression, submit your manuscript | www.dovepress.com
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Nahirney et al along with those from lower socioeconomic brackets, those with higher than normal body mass index (BMI) and/or a history of abuse are at greater risk for PPD. 1 Impacts of PPD extend beyond the mother to long-term cognitive, social and motor development of the child. 3 Women suffering from PPD are at greater risk of early breastfeeding cessation and strained mother-child relationships leading to the development of problematic child behavior. [3] [4] [5] [6] The etiology of PPD is complex, and previous research has implicated the pain and stress of labor and delivery as a potential contributing factor. 7 Eisenach et al 9 reported a heightened risk of PPD if a woman's acute pain was more severe. In addition, postpartum pain may be a contributing factor to PPD; roughly 11% of women report the onset of severe acute pain after delivery, which is associated with depressive symptomology. 9, 10 Epidural analgesia is widely employed as a safe and effective method of pain management during parturition, but it is not without risks. 8, 11 Epidural analgesia use has been associated with longer labor, infection, the need for instrumental delivery, higher risk of labor complications, acute hypotension, headaches, dural puncture complications and, very rarely, paralysis. [12] [13] [14] However, it remains one of the most broadly used pain control methods for childbirth and is highly effective. 10 It has been suggested that adequate pain control during labor and birth might decrease the risk of PPD, via lessening the traumatic experience of birth. 7 Three recent studies examined the association between epidural analgesia and PPD, with inconsistent results. [15] [16] [17] A Danish study of 185 women found that epidural analgesia was associated with lower odds of PPD immediately after delivery (odds ratio [OR] 0.25, 95% confidence interval [CI] 0.09-0.71); however, the protective association was not sustained beyond 4 weeks postpartum (OR 0.74, 95% CI 0.18-3.00). 17 A larger case-control study in a sample of 479 women from Singapore showed similar short-term results, indicating lower odds of PPD at 4-8 weeks postpartum among those who received epidural labor analgesia, controlling for history of depression and other PPD risk factors (OR 0.47, P=0.0078). 15 The retrospective nature of the study prevents the assessment of whether epidural is protective against PPD, or if women with depression are simply more likely to request epidural analgesia. In a longer, prospective study of 214 women delivering babies at a Beijing hospital, Ding et al reported significantly lower odds of PPD among women who received epidural labor analgesia (OR 0.31, 95% CI 0.12-0.82). 16 However, the study may have been subject to selection bias, due to systematic exclusion of obese patients and differential loss to follow-up that favored retention of the nondepressed mothers in the epidural group. 18 Furthermore, the study may have lacked appropriate control for measured confounding variables, which likely biased the reported result. 18 Our study aimed to assess whether epidural analgesia is associated with a lower risk of PPD at 6 months postpartum, among a group of mothers with no depression at delivery, after control for selection bias and appropriate adjustment for confounding. Determining whether epidural analgesia is associated with reduced odds of PPD is essential to the appropriate communication about the risks and benefits of epidural use to women prior to and during labor.
Subjects and methods
This study was a secondary analysis of data from the Happy Baby Cohort -a prospective community-based cohort of women delivering healthy, full-term infants in one of the three active maternity hospitals (Foothills Medical Centre, Peter Lougheed Centre, and Rockyview General Hospital) in Calgary, Alberta, Canada in 2010; detailed methods of which are published elsewhere. 19 Calgary is a large urban center with a 2010 population of approximately 1.1 million. The study was approved by the Conjoint Health Research Ethics Board at the University of Calgary. Women were approached about the study on admission to the postpartum units, and 979 mothers indicated interest in hearing about the study from researchers. A sample of 446 mothers provided written informed consent, and they were enrolled in the original cohort study, in which participants completed paper and/ or electronic questionnaires at birth, 6 weeks and 6 months postpartum. 19 Of the 446 mothers in the cohort, 113 were excluded from the current study due to cesarean deliveries as epidurals are not standard forms for pain control in this population, 41 were excluded because they scored at least 13 on the Edinburgh Postnatal Depression Scale (EPDS) at delivery, indicating a strong possibility of preexisting depression prior to epidural administration. A score of 13 or greater on the EPDS at delivery is a validated measure of depression in antenatal populations and was used to ensure a depressionfree sample at the study onset. 16 A further 86 participants withdrew from the study or were lost to follow up over the 6-month follow-up period. A final convenience sample of 206 participants was included in the current analysis.
Variables and definitions
The study exposure was the use of epidural analgesia in labor and delivery and was measured dichotomously (yes/ no). Our primary outcome was PPD, defined as a score of 10 or greater on the EPDS at either 6 weeks or 6 months. 20 Although not a diagnostic tool, the EPDS has been validated and deemed reliable as a screen for PPD in Alberta 
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Epidural does not protect against PPD and other Canadian provinces. 21, 22 It differentiates between non-pathological postpartum "blues" symptoms and those of PPD, more effectively than other depression measures. 22 Other maternal characteristics were measured as potential confounding variables, including age, parity, socioeconomic status (marital status, education, annual household income, language spoken at home, home ownership), other pain control modalities, satisfaction with birth experience and pre-pregnancy BMI, measured at 6 weeks postpartum. The 6-week postpartum measure of BMI was used because it was the most complete measure of BMI available for the sample, and it likely reflects a combination of pre-pregnancy BMI, gestational weight gain and general health status in the postpartum period. As there are currently no standardized categories for BMI among postpartum and breastfeeding women, BMI was summarized categorically, but included in analyses as a continuous variable whenever possible.
Statistical analysis
Descriptive statistics were expressed as means for continuous variables and proportions for categorical and dichotomous variables. All missing data were handled through case-wise deletion. Multivariable logistic regression analysis was conducted using a backward elimination method, wherein the initial model includes the maximum number of potential confounding variables and the model is reduced sequentially until only significant variables remain. 17, 23 Variables were included in the model as possible confounding variables if they were associated with a difference of 2% or greater in the proportion of both epidural use and PPD. All statistical analyses were conducted using STATA-IC version 13.1 (StataCorp LP, College Station, TX, USA), at an alpha level of 5%. Given our sample size of 206 women, we had adequate power (>80%) to detect a 30% difference in our primary outcome.
Results
Characteristics of the cohort were representative of an Albertan and Canadian maternal population in previous publications 18 ( Figure 1 ). The majority of participants were young mothers, having delivered between the ages of 18 and 35 years (79.3%). A large proportion of the sample was married, financially stable, owned their homes and had lived in Canada for at least 5 years, consistent with the maternal population in Alberta ( Table 1 ). The mean BMI reported at 6 weeks postpartum was 26.1 kg/m 2 (SD 49 kg/m 2 ). Maternal body weight was missing for 18% of the participants. Approximately half of those who reported their body weight had BMIs of 25 kg/m 2 or higher (42.6%), as expected for the early postpartum period.
The overall incidence of epidural use was 57.5% (n=118). Proportions of epidural use differing by at least 2% from the overall proportion were observed among mothers with lower annual household income, those who did not own their homes, spoke a language other than English at home, had higher BMI and were primiparous, whereas Epidural analgesia use did not vary by more than 2% across maternal education and maternal age ( Table 2 ). 
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The incidence of EPDS scores of 10 or greater was 12.9% at 6 weeks and, 13.3% (n=27) of women screened positive for PPD at either 6 weeks or 6 months postpartum, with slightly higher proportions of PPD among older mothers (16.7%, 95% CI 8.0-31.3%) and those with higher BMI (18.6%, 95% CI 11.3-29.3%). Maternal age, parity, income and BMI were determined to be potential confounding variables as they demonstrated some association with both epidural use and PPD and were not intermediate variables. BMI was included in the regression modeling analysis as a continuous variable, as there are no standardized categories for classification of maternal BMI in the postpartum. Multivariable logistic regression (Table 3) revealed that parity and annual household income were not independently associated with PPD in the model, and as such, they were not retained in the final model. BMI was the only potential confounder retained in the adjusted model. Controlling for BMI, epidural use was not significantly associated with PPD (OR 1.04, 95% CI 0.39-2.77). BMI, however, remained a significant predictor of PPD, changing the odds of PPD by a factor of 1.13 for every point of BMI increase (OR 1.13, 95% CI 1.03-1.25, P=0.01).
Discussion
Our study supports the proposed hypothesis that there is no significant association between epidural analgesia and PPD provided that selection biases are minimized by appropriate inclusions and measured confounding is adequately controlled.
The current study aimed to reassess the conflicting results obtained in two previous studies, in a Canadian population, using a prospective cohort of mothers who were free of depression at delivery, and with a definition of depression that spanned the most crucial 6 postpartum months. Hiltunen et al measured PPD using the EPDS at 3 days and 6 weeks 
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Epidural does not protect against PPD postpartum, while Sng et al 15 measured depressive symptoms at 4-8 weeks. 17 Their findings of a protective association of epidural analgesia prior to, but not beyond 8 weeks postpartum, are consistent with our results. Our study screened for PPD three times throughout the course of the study; this is important to capture the true incidence of this condition, as many women develop PPD after the first 6 weeks postpartum and experience "baby blues" rather than true PPD in the first 3 weeks after delivery. We measured PPD incidence in our sample at 13.3%, similar to the Hiltunen et al's study (13.0%), and consistent with other international findings. 1, 17 We are confident that our screening methods classified PPD accurately. Compared with previous studies, our sample had similar use of epidural labor analgesia (57.5%), between the roughly 50% incidence of epidural analgesia use in two previous studies and lower than one previous study (67.8%). [15] [16] [17] Our findings support those of Hiltunen et al and confirm that there is no observed association between epidural labor analgesia use and PPD risk.
Strengths and limitations
The primary limitation of this study is that it was a secondary analysis requiring a convenience sample. Our sample size has limited the precision of our findings. The original cohort study from which ours was derived was designed to detect PPD as the primary outcome, and as such, the measurements used are valid for this analysis. Our sample was also restricted to mothers of infants who did not require neonatal intensive care unit admission. Mothers of infants in the neonatal intensive care unit are known to have a higher risk of PPD, and our findings cannot be extended to this population. Our sample size of 206 was similar to those of other studies designed to answer the same primary question, which were 214 and 185 participants, respectively, and our incidence of PPD was similar to the smaller previous study. 16, 17 Our study had adequate power (83.8%) to detect a 30% difference in the outcome, similar to that reported in the study by Ding et al. 16 Due to our sample size (and the subsequently wide CIs observed in our models), we cannot rule out the possibility that our models may be overfit. The small number of women experiencing PPD in this study also impeded our ability to adequately control for all potential confounding variables. While we do not believe that there is an association between epidural analgesia and PPD, we acknowledge that further, larger prospective studies on this topic are still needed to deduce the true association between these variables. A second limitation of the current study is the moderate level of missing BMI data. However, unlike the previous study in which all women with higher BMI were excluded from the study, all the mothers in our study, whether they reported BMI or not, were included in the analysis and contributed information to the final result. Our findings are thus not susceptible to the same selection biases that might have affected the study by Ding et al. Due to missing BMI data, complete control for confounding by BMI cannot be guaranteed. However, given that less than 20% of the BMI data were missing, we estimate that the likelihood of our result being affected by the missing data is small. An additional limitation of this and other studies of its kind is the lack of diagnostic information on PPD. A formal diagnosis of PPD was not feasible for a large cohort, and thus we are only able to present the associations between PPD screening results and the exposure. Future studies with diagnostic interviews would provide a more accurate measure of the association examined.
The strengths of our study include that it was prospective and that the sample of mothers were free of depression at delivery, allowing us to ensure that our exposure of epidural analgesia preceded the outcome of PPD. The use of the EPDS for the measurement of PPD is also valid and reliable in Canadian maternal populations, of which our cohort has been deemed representative. 19 In addition, we were able to retain 80.7% of the sample in the study until 6 months postpartum.
Conclusion
Our study results counter the results of Ding et al, but echo the results of Hiltunen et al, that there is not an observed association between epidural analgesia and PPD. 16, 17 Further adequately powered studies should be conducted to further investigate this association with adjustment for additional confounding variables. At this point in time, there is insufficient evidence to change the information about the risks and benefits of epidural analgesia that are communicated to mothers prior to and during labor, who are considering epidural use. Epidural analgesia remains a safe and effective method of pain control during labor and birth. The significant association between BMI at 6 weeks postpartum and PPD should be investigated further as a primary objective in future research. of the manuscript. Amy Metcalfe co-supervised the student project, contributed substantially to the design of the project and provided academic feedback on all manuscript drafts. Katie H Chaput supervised the development and write-up of the article, conducted the analysis and provided academic feedback to all manuscript drafts. Amy Metcalfe and Katie H Chaput attest to the integrity of the original data and the analysis reported in this manuscript. All authors contributed toward data analysis, drafting and critically revising the paper, gave final approval of the version to be published, and agree to be accountable for all aspects of the work.
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